. In a study that is nothing short of a technical tour de force, the authors describe the development and in situ validation of a genetically encoded, cytosolic pH indicator called pHerry -a chimeric protein similar to ClopHensor (Arosio et al. 2010 ) that comprises the pH-sensitive super-eclipitic-pHluorin fused to mCherry via a short linker (Fig. 1A) . As cytosolic pH in cells expressing pHerry is lowered, the fluorescence intensity of super-eclipitic-pHluorin (green channel) decreases, but that of mCherry (red channel) remains unchanged (Fig. 1B) . Thus, the ratio of green to red fluorescence is an elegant ratiometric approach to detect dynamic changes in cytosolic pH in situ in a manner similar to that of previously published work (Koivusalo et al. 2010) employing pHluorin-mCherry fusions in vitro (Fig. 1B) . When expressed in Drosophila motor neurons, this marker localized to the presynaptic compartment of the NMJ and displayed predicted responses to alterations in cytosolic pH. The authors used pHerry to confirm that neuronal activity causes presynaptic acidification proportional to the frequency of action potentials (APs), and noted that following rapid acidification, cytosolic pH gradually returned to baseline.
Interestingly, the authors found that evoked release of SVs was required for re-alkalinization, but not the initial acidification, of the cytosol. Whereas blocking SV exocytosis delayed the recovery of cytosolic pH, prolonged fusion of SVs led to precocious re-alkalinization. These data prompted the authors to focus on the SV as the carrier of the protein(s) that mediate the extrusion of presynaptic H + . Using a pharmacogenetic approach, the authors show that VGLUT mediates the extrusion of presynaptic H + in a manner that appears independent of glutamate transport. The shift from glutamate to Na + transport exhibited by VGLUT in SVs and PM, is likely to be a function of the differences in concentrations of glutamate and Na + in the presynaptic compartment versus the synaptic cleft. Importantly, the authors expressed Drosophila VGLUT in Xenopus oocytes and directly demonstrated that the protein possesses intrinsic Na + /H + exchange activity, which explains its role in presynaptic H + extrusion. Together, these studies establish that, at least in Drosophila, VGLUT is also a Na + /H + exchanger involved in presynaptic re-alkalinization after being inserted into the PM (Fig. 1C) . Since these findings are consistent with the notion that SVs bear the proteins involved in presynaptic re-alkalinization, their elegant model explains how the presynaptic compartment scales its capacity for cytosolic re-alkalinization with the strength of the initiating stimulus.
This study also raises some important questions for future investigation. For instance, it remains to be addressed whether mammalian VGLUTs are also Na + /H + exchangers at the PM. The authors also found that pharmacological inhibition of both NHEs and vATPases altered the dynamics of cytosolic re-alkalinization independent of VGLUT. However, these pharmacological findings might not be sufficient to completely distinguish involvement of NHEs or vATPases in intrinsic and activity-enhanced presynaptic acid extrusion. Indeed, VGLUT, NHEs and vATPases could all mediate H + extrusion in a context-dependent manner that is constrained by the unique features of the synapse under observation. Further investigation will be needed to tease apart the functions of these proteins in presynaptic H + extrusion. Finally, given that genetic studies in both Drosophila and mammals have described the role of the VGLUT proteins in synaptic plasticity as well as excitotoxicity (Daniels et al. 2011; Granseth et al. 2015) , it would be worthwhile to examine whether VGLUTdependent regulation of presynaptic pH impacts synaptic plasticity and/or excitotoxicity-induced neurodegeneration.
